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f)^mf^f\^^o fcfcb. (>ti:<t^y:y:^—:^':fu-Vl 
/c. tT:*fRJiE^l 3j^WiJ:*rfp]iB^l 4(i:. ^fh^fhm 

mi 1 (D^^:h^\^^i^—m^mM(DM'^xm^^ti. # 
^T;^fRiia^i 3tm:^\kmmi Ni, cr, au, 

Mo, W, Pt, Ti, Al, Cu, Pd^cO^m. fc^V^t^-^^. 
RXfPd, Ag, Au, Rn02,?d--Ag^(D^m^^mmt^t 

hmm ^fh^mmw. *> ^ v ^f^Ima-sno 
m.'MM^^n^o ^ft. miR'a^m2\c^^ti^t:^ 

fflV>?>tt^^ (R) . IS: (G) . « (B) cDSi^fiomTfe^^ 
7bm^^\fhtiX\^^^o m:t\t. 1114 (a) (^^-rJ:p 

^2 ib;65g^(t-c^^o mfe<o^«^2 ih^mf^^m 

^n:^\'±m4 (a) (ii^bfc;^ h^>r:/>KcoE^Jt;i[Sb 




(9) #Bg¥ 10-172479 
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^^m^}'^tiv]ix^<Dmmxh-^xhx^^\ ^/ 

fls:#J(SF^®^J^l St^fflv^ttJictv^ :^^Ml8<DyT 
^<y^ 1 9^mnhin^o :^^^v/^y^ 1 g^^tt^g 

C0±icAl^SS^*i-^^O:*'ffitcit9?i^^^tt^o fi: 

«*]^i 8^^®«JBEfflo®^^«^^|£f^fflv^/c®^^;l 

IKi so^mttfRiJi^gfi^^ bT. :7 3i-^:7^ix- M 
7 ir^^i^l 8 ^Hx.^ITO^WJt^-i'T^^P^ 

20 [0 0 6 3 J Dxl'-Dxiii4oJ:I^Dyl'-Dyn*5 j:OTvfi. 

i6t^^ftyt^^1#at(Z)«^SMffl^^-efe^o Dxl— Dxm 
fi-s-z^^aT'tf— iNMOfT:*'rRJia^l 3^. Dyl~Dynfi 

i9h^^mm.m^^m\^x\^^. ^r^^ -hia^^i^H 
30 ^2 0 i^mm^nu 2 0 a(Dmm\^mminMm: 2 0 

Of^ffi*5J:0^««l l<om:m{z.yVy h:^9:^mxmm 
^ti^o ^tc. Mi&tnMm2 0h\^>'=^—:^':fu-hl 

7(D\^m {:^^/i^^<y^ 19^) Rummi i(omm 
{^^\^mmi3^fz\t,n:)y\^umi 4) 
m^fh^o :z:zxmm^th^mm\^^^^xi^. 
2 0(Dmm^nm'^tv. ^5t. n:^i^w^mi s^c^n 
(-SHB^tt. n:^\^mmi 3\cmn.m^^m^nx^^^ 

40 

[0 0 6 43 1^ 20^ bTfi. S« 1 1 ±<Dn:^ 
mmmi 3:$sxrjm:^\^mMi 4 ty:^—:^':;^^— h i 

-i^2 0CDi^^ffi?fP«-2 Oa^ bTfi. m^\l'^^iS'7 
Na^(7)^*6ife-^^*^i^^i>bfc:«f^^. 

JtePjtt?F|5W2 Oa(i-^:60BJ^5I^;^5^ia§^ (^^^ 

50 ^yt. ffiii^#M2 ob^uTti. m\z.imm(DmMx 
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[0 0 6 53 M^m,mm2 oh(D^m:^mt i.x\^. m 
mm i^^^mm) ^(7>M^^\^. mmi.x\^^^m\^^m 

y'U-hl 7mx\^. HU^bfcSfe(^»®#:2 Ibfc^ 

r+j ^co%<^^fflv^Tt><}:v^L. mmmm 

m. F^nmx^oxh^\^\ 
[0 0 6 73 mj&(ow&m?^ (^ffl^) ^m^^x^{z. 

[0 0 6 83 "^IMm b/c^^/^°^/^^;^V^yhM^^:^ 

T^j^^^^^i 2\cm^^mvi't^h. ^-^mmm^ 

1 9 (fc5V^ti:T^[g|^(^SPJS®) ^;l^^JE«^Hv4raC 




(10) 10-172479 
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Jib. :7:i:-^ru— M 7 0f^B(c®^$i^:5o 
(-<t<9. ^^1^1 ^(0^%W-2 \ztm^^i\^X^% 

M^;65^^^^-5o rco«^^E15*5j:D^[a6lc^ 
"To |gI5*5j;t)^IgI6Ji:. -ttt-^^tt® 2 m^bfc^^^^^ 

t-. s^i i±o?&^i^^^i 2jc:mjEvf^R3jp'r^r 
^(cj:'9^^»@^^i 2(Dn^w,^nt^hWi\i\^mzM 

10 T-t^. :7:3i— ^:7'l/— h 1 7±C0^:^^/W^^;.^ 1 9Jbl^ 

Ri;!jp$ti.y^^;DP3imjEVaJcj;i9AP]l£^n. y =^—:^-:f\^-' 
V 1 7cop^®(^^^]Ki 8(;i»5?b. ^^^1 

-r^o ^^xm^. iHTxm^T^mm^mmm'T^wcm 

Ei5^r:^-r^*5'9. s^i i(?:>ffii-^r^«^FSJta 
U5t^ib(Dmm\^Mi^x. mm&m(om^mms<o\^^ 
\z.Ttix3 otx^\^titk^mm.m^t^xmmir^o 

:^<DX^ mm 1 1 K^ti:m^X<Dmi<L 

^^tK miF-Wcmn5\cMl^X0Mm^^J:^:it\z.X:5 
^c7>i:#^e>^-5o ?^r^®^^^l 2^^^J$ca^ixfcS^^ 
7b^y:r.—:;^:fu— h 1 7 <^>rt®lc^bTm*]6^ 1 Bc^^ 

^^b. ^Jxti®6tfC9 3 it-e^-rjc^^'^^Kt^'c^s 

m.m.mm2 ohm'mib>h(D2^m^Wca'hh^o m2\^ 
^\^tim^^^mM(Dm^^<^/i-\^^^^x. ±f^Mm.tn. 

mm2 Ob^Jl^^b>iv>;^^— 1^^^v^fcit^^S^(c*5 

v^Tf^. !^2 ocoifi^^c^ae-r^ 

40 J^-a^^i^^oyto wCO^^<7>^?Si®Hi: bT. mi5*<?^cJ:5 
;^^-i^2 0 coi^i®ittgii# 2 Oa<^^®(c_hfatsra 

±m^mn<D5&mxnmm^^mt\^xm'f-m^m<D 

[0 0 6 93 El t:i^b/cJ: 5^^. 
»)^2 0 h^m^l^ti:^^—^2 O^gaSbfc^^Pjco 

50 ^fj:m@m^. fc-5v^^i. jg^/^m^^^i^^s^^^^ 
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(8) . *5<to!^ (1 5) xm^^n^^m^xhn 

[0 0 7 0] *4b\ ii^. 1 2 co-^t^^^ 

s^2. 3ra<oHijpmjgEv f fill 2'-i 6 cv]s«. ^ 

sjE V a 1 [kv]— 1 0 immmxh^o 
[0 0 7 1] ^ h\z.&.Tx. ^^e^^c^^^s^^^-^/wp^ 

xm? {c^Tm^^mi^m^fxmm'r^o m? (a) t;i 

*5V^T. 2 0a\^:^^-^mtt^J:^mm^UUX^ 
«9. 2 Ocf^ttj^O^c^'yw^:^^ 1 B^om^^JP^fflffi 

mt&tTimmxh^o m)!B«^^^o^-<-i^2 otc*5v^ 

mm^mm\^m^^nrcmm^\^m2 oc\±. 
i^J^^o^-<-1^^ffi^;^?i^^$tbfc^^«S^:»^2 obt« 

m&^3^-^Jg£^^^TV^-5o m? (b) ^c:^^v^T. 2 

[0 0 7 2] m^lS«^^^o;=<.-<-1^2 0^c*5V^T. S 

t^mm^^^^thftmm^m2 oc\^^ a^sw^^o;^ 
-<-1^Sffi^c?^^^ttyhi^SSl^]K2 obi:m^&?ijcs 

^^nTV^-5o 1117 (c) ^;li3V^T. 2 0at^;^ 

U2 oacD'^mmKM^^nti^^in.nm. 2 0cti_bfa 

mm&mxh^o mm&m2 0cu^ mmMm^i^nm2 
ohtm^m\^mm^nx^^^^o m^<^^w^m&^^<o:^ 
-<—^mm^m'0.^tiftmm,t7mm2 ohtvxu^ ^ 

^(omm^tTtm (i^-hi^mu) . urn. 
^m^f^m:^m^\^. m^<omi. m5:i^xumexm 
m\^fcmm.tfimm2 oh tmmx^^^ 

[0 0 7 3] i^±(Dm7 (a) (c) f;i^^tt)t^-< 

2 0 mm.umm2 o b mmitm2 o c tm 
^m\^mm^^x\^^^(ox. mm^m2 o c<D^pf^< t 

[0 0 7 4] mS\X^ U±.m^fz.^m:^^—^ 2 0 fC. 

^mttgi5*t^^tp^^^W4 o^#^byb#'e'<7>. 



(11) mm^l 0-172479 

20 

2 0(^±^<O^ffi;^^-f-. 4 0 (ISaiB^mttlFISW 

W^^fz-W^ (^m:^9:^) . i 7 fi:7zc-x^^>^^'- 
^ s i 8 ti^*J^. 1 9 tip« ^/W< ^ . 16 

*^p^^c>^^;^-<-1^^cf^^^n5^S^«•4 0 

10 mi^mx.^h<Dxh^o ms\^^\^^x. m^i ko^^ 

1 9 ) i: 20 b (ommt.'mM 

wm}\^mm^fy^x\^^^tt^'^^-^x. ^jx.«. m 

[00 7 5] m^. u±M^tim^^<^/i^<r>^^i-'f-m^ 

"^Wcm^^^^^ <&^^^t^i^. mi^x^mm(omm 

M^^tix\^^^h<Df>^ty)t>nm^wcm^m^mtv. b 
f)>hm^^mm^nK.^^t^^\^^fci.xv^^o i^t:-^^ 

\^<>\^^x^:^mt^mmtmm^xxj^^^^^mm'r^o 
m<Dmm^mmm^ifcmm'f-(^m'?'m^tmm\c-o\^^x 

50 ffl^^(^«J*>^tJ^eg"r^fci?)<7>¥®|II (a) 4Bj:Ufgffffi 
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m (b) -cfo^o Bifs ii^mm^ 2t3\^m'^nm. 

-5 V ^ ti:±iE<^#aS«±t^:^J X. SiO* ^^-Jisf i: -r S 
Ni, Cr, Au, Mo, W, Pt, Ti, Cu, Pd, Ag 

m^\^. WmmmUt.mnUWi-\' [nm] bl^W [ ^ m] cO 

[0 0 7 61 ^fc. m^nmrn-^d' ko\^x\x^ ii^ 
[nm] [ A/ m] (ommt^ h'm^fj:wm^m\tft 

^^xm^fmn^mh\^m^m¥Fh i.x^^(Dmn'¥- 

y^^^CtN^ff ^ bV>(^>tt 1 [nm]^^^20[nm]O|Sffl<;D^>(^T?fe 
^J:t'X^^o Mri^mz.}^. OArmCOmm^h 

1 [nin]^:^^50[niD](7>raT*fc^o "^ti. 

ir^<DKm\^^hthv^Umtl.X\^. mx.}-!. Pd, Pt, 
Ru, Ag, Au, Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, Pb^^ 
l^V^^tir^^m"^. PdO, Sna. In^a, PbO, SbOa^ 
«r(* Ci?)^-r^^>fkife^. HfB^, ZrB^, LaB^, CeBs, YB 
4, GdB4^^(^Ca?)i:^^2i>T>>fbi^^. TiC, ZrC, HfC, 
TaC, SiC, ^C^^\±\:.i^tir^^it^'^. TiN. ZrN, Hf 




(12) ^mW-l 0-172479 
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141^4 2. 3tJi. 

ffxmm\^tcf>K m^\cx^x\^T^^hmm. mm^ 
m^nm(om^xmmvxh^\^<:>'^-x.ti:^\ ^ 

m^mt^^n^mi^x^^^^o ::i<oM.mti:M(Dmm\-±. m 

fco 010 (a) (^ffiEI) *?J:t;? (b) (»fffi 

t). l^ti50[nm]]^T^-r^:65. 30[nm]i^T^-r^<D;&5 
-50(^®lil/^fcise). Ell 0J;i:}BV^T^im^6?J 

[0 0 7 73 mz.. ^mfi:w-mm(D^mBmmm^WLm 
m^<Dmmj5mz.-^\^xmmir^, mii (a) - (d) 

1) ^-r. Ell 1 (a) (c^-rJ:5f-s ^«l-hf^^^^ 
[0 0 7 8] ±ia-r^:*&^ urti. ^?ii;tfi. 

40 ^>^&m^m^^X^<^—:=^>^^V. mi 1 (a) 

2) Ell 1 (b) tc^i-J:5i-s ^«44J^4^?i^^ 

"T^o ^TSufBEii 1 (a) ^mm±i^z^m^mmm^ 
mmvx^^i.. Mmm^^mL^xmni^m^^mi^ft 

i\:.'^m<Dmmxi^^ (m^-r5^ife^J^;i*5v>xji. ±^ 
7c*i: bTPd^fflv^yt) o ^ti. mmmx\:^m^:^mt 
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3) ^t^. mil (c) {^^-r^^i^. y:t—^.>i^m 

'mM22ib^hWM'r^m'S,(DmB^&M(D-m^^ir^ w& 
fcm^&mmm^wcmm^<Dm&\^:^^^^x\'imi 2\^^ 

^1 vm. ^vi^:^mmT2^i oi^ vmti.. mm 

fiiVpf ^ 1 ^^/v;^ r ^ (CO. 1 [V]-ro#JE bfco bT. 
— >'^VV';^PPJP^tc«iJfEtf23XffJl!l$tt5«J^;i»5 1 x l 0 

cxmm(D^w^m'^mM^^(oi>m^ bv\ 

4) ^^cd. mi oxmi^b:fe^:j3«9. mmttum^m^ 

uti. mil (d) \^^irx^\^. fsmmmM24.f)^h 
m^ffoxm'?'nm^^(D^m^n^. mmfsmtiiUim 



(13) 10-172479 
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Wcmm\c^'^<o^i^xmm^n<yx^ ^(omim^^m 

^^mtl.xm^mc^L.tio MSffitt^b^^g 

*5(t^iSca«gfL^A^6^tc(^l 0 OfgtJl±(ciiap$ii:^ 
ri!;6SX^5c :Brft:6t)t-(i. 1.3X10-^ [Pa]>feV^bL3 

WTxfc-5o mm^'mt^m\zm\^x<Dmm^&^xy) 
mv<mmir^f^mc. mis (a) tc, mmm9M2 

v^Tfi. -mmf^<Dmmm^'^mm^m\^i^xmmm'\^ 

20 4 [V]. ^^Vv;=^ii|iiT3Ji: 1 y ^^Vv;^;papST4^^ 1 0 

(ciSCT^ft^jSn^s-r^^^^^M^bv^o mil 
(d) (c*5v^r. ^m^mmm^Mmm'F^^ibmm^fh 

mm.^mmM2e:^xx^m^m7f>mm^nx^^^^o^^^^ 

;DP'r^i^. mMmixmmmmie^wcmx^xmm^mt 

[0 0 7 9] wgm2ixt^m^Mz,Wim'mmie(D-m^ 
mis (b) \z.7nirt^. famtnm2^f)^h^</v:^n&^ 

x^^^m-^^'m.ir^cotm^ uv\ 

[0 0 8 0] i^Jl±0^ mi 1 (e) (;i^$tt 

m(om:m^MmM^WimM'^(omm^^'^^xmmir^. 

ie>co^^&^3/ctWffim-efe«9. mi 443j:ijfmi 54^0, 
50 uis«. 2i:3(i^^«®. 2B\t.^mm^n^. 
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[00 8 1] m^. mmm<DmmBmmm^nmm^(D 
mmi^o^^^xmmir^, mie (a) - (f) ss^tx 

1) ^-r. iai6 (a) ci^'rj:^^-. s^^i-ht-^^ 

2) ^^tc. 1^1 6 (b) \^^irx^\z.^ ^m^^^u^ 

3) ^^{c:. mie (c) (^^-r<tp(c. )^&S28<^±^c: 

4) ^tc. mie (d) ^c^-r<t^(c. mmm28(o~n 

5) Kk\^. mi 6 (e) jc^-rj:5f-> un^m^m^^ 

6) mc. mm^mm<om^tm\^<. mmy:^-^> 
my^-^i^^^m\^. mii (c) ^fflv^TI^0^b:fc 

a^-^^^-g^tfe^o mil (d) $rfflV^T 

[00 8 2] i^;l±tD<}; 5 LT. EI 1 6 (f) tH^-T^ 

'^<Ds^m^o^^^xj^-<^o 

[00 8 3] m 1 7 tc. ^?^mWi\^jFS^^'ftm^<o^ m 

[0 0 8 4] *5:W«*ftIe(t^^^«JJ^rf (Cjt-<-C^ 




(14) 10-172479 
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[0 0 8 5] S^i^@^;lflSv^y5:^^^i:. JfettiSmetclK 
[0 0 8 6] tc, fcsmjSE (ritb^glfemjEVthi: 

mmmie\zmvxmm^j:\^^^^mm&nh^Wofz^m 
^j^-e^^o BHm. m'^mmi^m^Mi^xmmmm 

[0 0 8 7] «_b(0^ 5^ct#tt^^-r^fcs?). 

m^m^i^^i^x^T^^n^ ^ t7b>-^mx^^o irfj:t> 
mm^(Dm'T'\a^mM<Dm^mm^jt^\:^xmmmB£ 

mvmK.x^<:zt{:ixv. m^mm^m^^^i^xm 

30 [0 0 8 8] &.±mm vft:^^mK:^^:^^^m^mm^<D 
m^m^mw:(omW)^mi^o\^^x^ mi s--m2 i%:m 
^^xmmir^o 

[0 0 8 9] E 1 8 (i. NTSC;^^<^-7^ ^'b*ft-^^^:S<5v^ 

x:iiyi^mx^\^fc'h<ox:h^o mm^. m^^<^/i^i i 

Q\\%m&\^1t.^ff^^<:^MzM^^^\>(OX^ m^V.tL 

^^-r>^^^^b. $y^5IlHIKl i o ?>\%i^^mm^Kf) 
■r^ft-^^^^j^fe-r^o ^yy hwv?:^^ i 7 o 4m^ 
40 >r ^^iy:7 h ^-r >^p«^y 1 7 0 5(i. 
i^:7 h x^^J:?.^ 1 7 0 4^^e><7:) i 
I®m-^^^§&1 7 0 7 (;iA;;^-r^o (^SSff-^^^gtlHlK i 

7 0 6 \%m^m^t^^nmt^^^^m^^o 

[0 0 9 0] mi %(r>mw^n(r>m^^n\^<m. 

mt^o ^-r^^^-^-^/Wl 7 0 1 f^. iffi^Dxl/^V^bDxIIl 
V^L.Dxmt;i(i. m.^^<^f^l 7 0 1 rti^lf^tt 6>i^TV^-5 

50 i5^:^iai»^tt;fcft^®^^^itT (n^^) ^^m&m 
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m\B]^l 7 0 3^50b;^J-f-5S!i®^t-^TSCAN^:lS<3v^Tt^) 

{z.mw^in^mmmj^i>mi^nm b# vMeanvthSjEE 
^fc. ©j^iHiK 1 7 0 3 ^u^vxti-r^mm. 

mm'^^mmm i706j:'93^^tb^ m^ft-^TSYNc^;! 

S<5V^T. ^^H5(-^bTTSCAN*5j:O^TSFT:j3<ttKTMRY 
(^>#$lJWt^^^^"rSc I^^ft^^BtlHimi 7 0 6 

<^^ivX\^^^X^\mUWc»m (:7.r>'i^i^) [hIK^« 

^iz.mmmmis^tyk^mmm-^xv^^tK :^^x\^ 
Mm<Dm'^±. Tswm-^ti.xm^L.fz.o tuia 

MTkm^tmiri,^. mm'^n-yy h i^i^^-j^ i 7 o 

A:;^$n5o ^>':7 h i->?;^>5^ i 7 0 4(i:. ^^^J&^(;ii/ 

mmi 7 0 3 xK>mhn^mmi^-^TSFT\^m^^^xW} 

f^-r^o $iJ®ft-^TSFTti. >>:7 M^v?;^>$^ 

1 7 0 4(;ov^:7 h^TPiyi^xh^t^^^^:k.^:^tt>x 
:7 h Wv?;^>5^ 1 7 0 4<J:!9 W;^?^tt6o '7-f>'^^yi 

7 0 5 1 >^^>07^— ^ ^/^^^^K<^rayt*(t 

hn^Mmit-^T}m\z. L^itib^oxm:^ I Dl7feV^ U I DN 



(15) 10-172479 
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DNi: bTa;^^n. ^ISft-^^^^1 7 0 7^cXtl^ti 
^Pff-^%^^1 7 0 7J^. mrlSM^y^-^ I 'Dl 

ffl^^Dyl?iV^bDyn^ilDT^^/^•^/^l 7 0 1 F^<D?^^ 

[ 0 0 9 1 J Ei 1 7 $:m\^^xnm i^tzx 5 

TOS*##^^L.TV^^o 'f'fctJ-'b. mi 7<OIe(Di^ 

vth i'^o&'r^mmm(Dm^Bmmm'f'-mt^m^xm 

[V]) ||fevthi^±comBE>^S];DP$tL;rc^(^^S 

mmiehmtvx^<o m^^mmm^Mmm^<7> 

[0 0 9 2] i^ji. mi s{^7ri^tvf^^n<Dmm\^o\^^ 
20 xm-<-ffsb^^ ±i$imiiF(Dmm{^^^m\^mi 9-1112 1 

^;^v^TtufB^^^^^/vl 7 0 1 col&f^^;lov^T. 

nhmm<Dm^^mmm'¥^nmmi'^m\cm^fx^ x 
[0 0 9 3] m^(om:M:±. m^^<^^^(Dmm^^6^e 

(■r>it5i^m=n=6) tl^xmmir^o 

[ 0 0 9 4 J m 1 9 \:z^i-<D\^. 6n6m<Dnmm^mm 
-j^mxih^. mm±. ^m^^m^iir^^^^D (1, 

30 1) . D (1, 2) ?^^V>bOT (6, 6) (X. Y) M 

^mm\^xmm.^m^i^x\^^<m\^\'X^ x^t^nts:m 
m<Di9--f>^mi<cti.x^ ^-(-^m^^mm^m^i^^ 
;^&^^oTv^^o m^<Di'7-f>'\^nj&\^fc^mBm 
mm^wcmm^^mmir:b{z.\^. DxiJ^^v^bDx6(0 5 

^/^ ^ - >- b o T Dy 1 V ^ bDy6<^^iffi^ t-^S^ft 
2 0<^pl^O5'^s fci:x.tf^3^-r ^^S^^Tt^i^^ 

^r^^'^^mt-^oTis&ig-r^o 1112 ifi. mmmm(Dm 

(2, 3) . D (3, 3) . D (4, 3) (D^^m&mmm^m 
mmi^^a-x. m'^mm<DmmnBsm^mx.^ i a m 

m^mm^oxTT^'tm^^') iimM^fhxmF^yf-j>^tm 
ti^ti^o ±iB3oo^^^^(i7[v] m^mm 

50 XTT^irm^) t>b<(i:0[V] (lll4»eifci^T^i-^^) i)^ 
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[0 0 9 5] 

mmm] ut\^. mmm^mifx:^mm^^h\^um 
[0 0 9 6] &.T\c^x^^^mmmi--^\^^^^x\^^ 

e*— AaiNXMffl (N=3 0 7 2. M= 1 0 2 4) Sr. 

:^^m (1112. EI3#M) Lfco 
[0 0 9 7] i^T. SCE^^<^f^^;&fe(;ioV^T^-< 

[0 0 9 8] i^T^Cxg-<^t:J3'9. 

mm^i^mvfco :^<Dmi^(Dm^:^m<o—m\^o^^xm 
2 2\:ixK)i:m}mii^i^f^i)^^xM.i^m^mm't^o * 

^B. i^ATOXga'-hf^. -ien-rttlH 2 2<D (a) — (h) 
K^^«(-J:J)^$5[nffi]C0Cr. Ig^SOO [nm] 

Aui:mikmm ^ h i^^^-^ k (azisto. h 

;!^;^^fflV^fcRIE (Reactive Ion Etching) ffi^Ccto 

-<#/^^ — V^:^^ hl-'v^^ h (RD-2OOON-410iC>fb^ 
|±») -e?^J5feb. K^^«itl:i<J:!9. ^$5[nin](DTi. 
J?:$100[nID]<^Ni^l^jll^*it^b;^o ^ M^v^;^ ^/^>5^- 
^^ra«1^P5ISlL (EI9#fii) ;«»S3[;zm]. ^^mi^:gW 




(16) ^mW^ 10-172479 

30 

^\^x^m:r^m<om^wm2^ z^m^x.o-^mu 

3 53^*^-5-^;^^ ^fflV\ ]^100[nm](OCrl^3 4«r 

?mm (ccp 423o^^M^ (tt) ttis) ^^t'^-^-t;^ 

tJ^ofc^^fil (^JK^>^tf) <^^^^b. -^rt^Sr^^ 

mmkmxm.^w^'mmm^mfmn^\^-:>^^x(D 

W) b\X. HUfSPd, Ru, Ag, Au, Ti, In, Cu, Cr, Fe, 
20 Zn, Sn, Ta, W, ?hm(D^m^^7cMt^^^mit'^^ 

mmA(Dmmti.x. mm^m^m(Dmmm^m\^^ti 
'r-m^\^x^xm^^n^m'^-h^^o 

Xgg:^^^^^^^^h(;iJ:!9Cr]^3 4^^*bT. M 

[nm]<^Ti. J^^mO\m'\<Dkn^m^^m\^tLo y :7 h;^ 
7}^— /W3 3 a^SJ?)5^A/ff o 

[0 0 9 9] i^X<OX@^ST. M;*:on;Srr^E^ 1 
3. N*<^^J:>^fpjSE«&l 4(r:. m^mm2^ 3^^\^X 

^mm (MxN{i) . i^ii^tts^i 1 ' Jbd-^ b y ^^^^ 
(^sfeM 1 ) :^m:mmxu^ mmx^tz^m 1 

40 1^ 2 0 ^Eff bfc. -hmM&Y a = 5 k V. M^*^^ 
ffi^l^eOHz (-r;^^t?-ib AT= 1 6 . 7ms). IM^ 
hfc V (DmW}^</i^:^M7b^&::k lOO/zs (At = lOO 
fx s) T*|g«-r^*^'^^*^>'^^f^iil-/co UT. llll:J3 
J:O^E!2^>^V^TPxE■r^o ^"fs flti^bT^ir^cJ . « 

s^o^sttj^ (m^Sfem?fis?i^^ffl^) ^-^hy^^K^ 
u iagufcS^i 1* ^yr^^i^-h 1 stcg^u 
ito m^:^9:^(r>mm\^s i nx. ^/cj^s i o 

X ^*^100[nm]a^ i.tcmmm.nU2 OaO^ffico 5 lb. 
50 h^i«j^JK«ai'e:^/'^^^^-r^r i:tcj;i9. Cr^^b^^fi 
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i^:x7^>'VB : J^J^SOOCnm]. )K@80[nm]. ^BSfei : ^10 
1^>':7^/VC : ]^J5200[niii]. JgC^SOMs ^ffiSfit : *^10 
i^:/:7^/V'D : MJ?80[nin], St@60[nm], ^S®^ : ^10 

fiT*ig»J^>Vv;^14[V]-Cl [ras]. 1 [Hz]<^|gllj^m\ ^ 

Va = 5[kV]. m^FX^^—^^mitl^AOOLfiml. 

1^V:/>'V'A : 220[j[isec]. 7 [msec]. 400 [V] 

1^V>^/i-B : 220[j[/sec]. 3[msec]. 250[V] 

i^>'>^/K; : 250[Msec]. 20 [msec]. 400 [V] 

ihVrZ/VD : 400[Msec]. 30 [msec]. 600 [V] 

[olooj ^<DB^^^^i:>t^^^^\^. mi&in.mm2 
[0 10 1] ^<^;i. zMz.^y)^-x^<. x,(om 

^c^|g^^tt^fe:&-r^o mm(0^ (14) <t(9. 
AVsat < 2 a i3 • IV • Va 

1^>:7'/VA : 1 6 0 [V] 

i^:^:/;i-B : 9 0 [V] 
i^V-lZ/WC : 2 3 0 [V] 
i^V>^/VD : 3 1 1 [V] 

SSir'^ct^o 2 a i3 = 5 bT. :^^Sfi^jT(i. 

2 a i3 • 1 V • Va = 1 6 0 [V] 

So 

10 10 2] ||^c7>[ijfi^?^^3g*T*r<Dr ^>^m^"rs 
1^2 0^D^|-^^i^g$5mm. :KJ¥200[Ai m]. g 
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$20mm'efcSo 

[0 10 3] ^r. ^-<-f-2 OSr^^RI'eSKl 1' 

-tcotT;&fp]ffiiia 1 3±(;i. ^fT;^fpiffiSai 3^^tTtc@ 

^bfco Wmi 3(?>MPIStil[mm]i ^^^^^ 

^11 it^mSi SO-ibJ: 5 ^**Mt;ifc-5c, S§oT. ^ 
^/^^-i^MSgBI(E!4• 1 )ti. m4[mm]-efcSo 

[0 10 4] SSl 1' (?:>5[mm]±^r(C. rtffi 

(^i^^i^i 8 ^^^/w^y-?' 1 9^5#K^nfc:7;ii-;^ 
:7^w-M 7^{IOffil 6$r^biagU yT:7^i— hi 
10 5. :7:ii— h 1 7. #Mi 6 4BJ;u?;=5.-<— 1^2 
OO^g^-g-^FP^H^byco S^i r ^ y T:7^i— M 
B<Dm^U. y rzT'i/— h 1 5 tdo^i etog-g-as. *5 

j;Ut:7.n— ^zT^ix— M 7 irfiiJSl ecoS^SFPti. :7 y 
-.h;^f^^ (:=FI1I^) ^^*b. :A:^^'-e400t::^M500 

i^2ot^. mmi 1' {|fi-e^i^T;^^RIga«ll 3 mm^oo 

[^m]) _b^;i. ;^:7'L— M 7ffliJ-e(^;^^/w^5/ 

^ 1 9®_btc. ^M^o«mW^?l:^bfc^®t4:7y 
(^m^) ^^bTlBMb. :^M^'T*400^7!; 

20 Msoo^T* 1 0 5 r ^ -c. mm b^^omm 

[0 10 5] :*:||^6^J^^:*5V^T^i. ^^fei^l 8 

fi:. la 2 4 tc^-r J: 5 2 1 am:^m^m 

fe^^^ (R. G. B) 2 laMycttT*/i:<. Y:*rf^O#tii 

;;^^_^2 Ori. X:>&'fp](c^tf?^^llfecD®Sfli:2 1 
(«l*l300[//m]) l^(;i^^/WN*5^>^ 1 9Sr^bT6Bg 

30 [0 10 6] 7^^*5. t^^^<D^«^^T5^t-fi. 

#:2 la^S^Kl 1 ' ±fcgag^Hfcm)iE<^«^^fetH§P 
?i^^ffi(^^^BttK4 (gI2 2 (h) ) t^MJt^^-^t^ 
<T{i:VMt:^cv^yti6. yr:/w— hl5. :7^— ^iTi^ 
- M 7*5<tt^;^^— i^2 0 (i+^>/j:>E:g'g't:>i^ ^ffo 

[0 10 7] &.±<DX^{z.\^x^vft^mm 

TS^^b. +^/^K^Sl^^bfc^. ^§g^S^Dxl-D 

xm^Dyi-Dyn^iib. mx^(Dm^Maum^m(o^mn 
by^ J: 5 /^^^^T- 1 2 i: i.xm^^mmm'f- 

ag^^^Sb^^o iSm:7;r-^^^^^Sfi. Eli2^;i^b 

[0 10 8] 1.3X10^ [Pa]^S<^X^*-es ^ 

50 [0 10 9] ft^fc. ^*ih^<7)*^«^i^^-rsyta?) 
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[Olio] U±<OX^\C^f^\^ti. mi:$s^x)^m2\c 

yti^2 la (B!2 G. B) - ^^t^^t^ :z t 

-CM^^*^ b/co y l^—J^mi^m:^ 6 0 [Hz] t 

bfco i^JEiffi^Hv--(^RlJPSJEVati:5[kV]. ^mBl 

3. 1 4ra--<7>gijo®/Evmi4[v]. |gf^)-^^vw-x^iI|IIloo 

[ M sec] (D^Mi^ tX^tLo 

[0111] i^v://l-A,B^,Rav^fc^li^^^ 
^^1 2^^6>coifeWffi-?-^;iJ;^^*;^/K5/ h^^^. 2 

\^fz.y<:^Mzm^X^ 1 ^l.OCm 

m] i: U^c t> O (-^-^^/V-A) . 1 ^0. 8 [mm] i: U:^ t> 69 (^^"^ 

^'l-B) . 1 ^0. 35 [mm] ^ t> <7) (^^^/H:) . 1 ^0. 25 [m 

m] i: b/c ^ (Z> (^>"^/VD) . ^^m. b/Co 1 Offii^^fii- 

^x(D^<:^;v\'±wimx^v. ^^:^m^\'X^mmi hm 

[0 112] ^ffi^ji ^;l^i5v^T^^. m^y^^^—^m"^ 
sggf 1^1-0. 4 [mm], m^ymmmmmmmd^d 

= 5 [ram], ^Pi£S^V a a = 5 [k V] i: LT. i^>' 

AVmes = RQV8' (l-exp(- Atmes/ t „))/ (l-exp(-ATme 
s/t.)) 

"Cfo^o ^w'C, A t mes— 1 [msec] s A Tmes= 1 [se 
c'jXs Atmes>>rus A Tmes> > r <i"Cfc ^ CO-C, ^ 

AVmes-'RQ' /8 

1=0. 4[mm]i:ffieb/^^#<DRQ' /8(1400 

[V] mmm) tfj:^o 

[0 1 1 3] -rsi:. ^ti^m^.(omm^<^-/i^^mmm 

^mi^^e OH z (AT=16. 7ms) . MWi^V^:^ 
i|iiAt = 100/is. APi^ttJEVa = 5 kVXmWiX^tc 
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AVsat = RQV8-(l-exp(-At/Tu))/ (l-exp(-AT/ 
zd) 

AT=16. 7 [msec]. A t = 1 0 0 [// sec] . Tu 
= 2 2 0[Msec]. T i=7 [msec']Xh^(DXs AVsat 
t^l 6 0[V] (fi-mm) i:>5^^o 

[0 114] -r^t, :^mmm(D^<^/i^A, b, c, d 

^;l^BV^T^i. •^:tt-?:h.(^/^*^>'V-C<7)«teJb#^ A Vsat 
(A) , AVsat (B) , AVsat (C) , AVsat 

(D) tir^bt^ M'f'Mcmm^i^^^^^—^Kmirtvitm 

10 'T'7b^::^-<-^mm^^ti^m^7b^:k^<f;i:^. AVsat 

AVsat (A) < A Vsat (B) < 1 6 0 [V] < A Vsat 
(C) < A Vsat (D) 

[0 1 1 5] -r^tv AVsat<^)|^^S^^-t-^(14)^C 
^^^^X. 2 a i3 = 5 bfc^. d = 5[mm], Va = 5 
[kV]i!bT. ^y<^;l-A, B, C, D^eti. 
AVsatCA) << S'lVd^'Va 
20 AVsat(B) << S-lVd'-Va 
A Vsat (C) > S-lVd^'Va 
A Vsat (D) >> 5-lVd'-Va 

[0 116] ^±<DXo\^m^^nrz.^ ^^^-^^/^^^^ 

fe^^«^Sfetfcl^-7-) 12(;ifi. ^S^SffiT-Dxl-Dxm. 

30 ^^^^ct t» •^:h.-^*HSi;!}p-r 5 w ^ tilJ: t) a^^Sicm ^ 

Ri;!jP'r^^i:t-i:!9Sfeffla^t^-A^;fjp5gU «*]Kl 
S^^S^^-^ffiS?!^^. *>tfls:2 la (1^14 (a) #W) 

ffi^Hv--<DR1^)P®jEVa(i5 [kV]. iB«*l 3. 14^-^(0 
m\iW3E.Vm 1 4 [V]T% igtb^^Vl-;=^^^^l^S 10 0 [Ai sec] 

(ommf&t i/-A/^i^^(^60[Hz] ^ bfco 

[0 117] m^<D^fi(D^M<Dti6K). ^< 

mm<o^^:^^y hmmj^^n. mmx^wm'^<Dx 

[0 118] :i<D^t\t. ^<s^7UA, B^;l:}BV^T^i/^^/v 
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(*M^J3) :2tc^JS^JX(i. mi^Bbyt^Jg^^Jl 4'^^1^>' 
7^yW:^ffl V ^:rc^^^^^/^^ y Ix- Aj^JK^30 [Hz] tCT 
IKK) L^to r ttti . 1 -e<^iii#^^j^^^ 6 0 H 

[0 1193 ^-r. EI2 5(^. ~m.mm^nmmm,(o 
[0 1 2 03 im^^mm^s 12.51 sj^. 

^Sff-r^y^ci6<?5lHlK-efe^o v^-:7a:- 
;^[i]^5 1 l(^. Mx.«TV:;?;^^^M#^^;^=^-Y-^— 

08. 509. 510 }ff:^r—^l^^—^. ^f^f 
^lHl^5 0 7fi. Amtl-^l^^—^^^^—^^m^B 0 5%: 

U5 0 6^cJ:oT$^J^$l^;rcl'^>'l-^:7'l/^i^5 0 3 t^i^S 
[01213 ^yt. CPU5 0 6 (i. bX*^^^© 

m^n^£Oo KtiU 5 1 4 (i. CPU5 0 6 \^m.m^t^^ 

[0 1 2 23 x^;^:7'W^^^/V-:='>' hn — ^ 5 

0 2ti. CPU5 0 6<J:t)A;^^tt^®JWt-^t-S<5^|g 

»ihi^5 0 i<Di()f^^$a^-r^/cie)oiH]^xfe«9. ^piix. 

^^J^iSI^^S OHzl;i^^U|g»bTV^^o lg»)[e]^ 
5 0ifi. rtlf^(;ipi^^^y ^^U -^/i-^:7^i^^i^5 

^yN^^/un^-hn — ^ 5 0 2 J:«9A;=^^tt^®^^^-5^ 

[0 1 2 33 *^^feM^-:i3v^T^^. v^>r^:/w^'^^/^ 

5 0 0 i: LT. ^Jfe0»J 1 c9i^>':7'/H:^>^v^;fc^^;^;/l-^ 
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XfcofCo x-r;=^:/W='>^hn — ^5 0 2(cj;oT® 

'^m%(Dm&^</^:^\t.m i o o c^i sec], i 4 [v]om 
[0 1 2 43 -^^^^sm. mmmix<D^fiLt^v . yi^ 

10 fco •^tLt->^ :7 W-A^^^^ 3 0 [Hz] t 

^J:M^*^;$5fJ;t/^;0.ofc^ii^?i^^^»^c^i5V^T^. flu 

Hz (AT=33. 3ms) . igS(l^^/^;=^iHA t =3 0 
20 AT s. JP5S«Jf£Va =8 k VX|g»I-r^HDTV?y-;SC> 

6 0-i':/^-r>r;^:7^W*^^^bfCo 
[0 1 2 53 r^X. m.'^Uh\^X\t. SCEi^^^^ 

[0 1 2 63 Ill^WPSti:^ 720jLimX240//m (R 
GB#fe) X. Bi2 7tc:iS{t^«^Sfetti*^/^-<— 1^ 
P^SBBI 1 f^*^ 1 5 0 M m ^ bfco 

[0 1 2 73 y^-<—^n. mU^UPi<0±Ki^^^(Om. 

^fbv-y ='>']K^100[nm]^Sbfc^<^^fflV^fCo 

fi. l^^l^hmM(DU^^y>^^m\^. RF>^'^!7-10 

ow. mmwLm2 s Qx:\^x^mt\^fiio mm^(o:t 

[0 1 2 83 ^-ff^CJ?)^;:. M^^xtim<DW%my^^— 
Ih^f^J^U. ^Jfi^Jl i:fRl#(^:fr^t;iJ:«9 (Va=8k 
V. AT=lsec. At = lms. ^^|gS&W;H= 1 4 
V. ^^/;^-<-1^fi§gt-0. ISmrn) . n.^Wimm(Dy^^ 

^iScti: 8 5 s . WWl^'&m^ 4 . 5ms. Sfi^^t^S 
40 (^5 0VXfeofCo ^SoT. ^^coiEib^ AT=3 3. 
3ms. At=30^s. Va=8kV. ^^iEftSjE 
14VXtT5J#'&v ^ (8) COAVsatf^. 14. 7V 

[0 1 2 93 m^. m^Wimm'^/Mmwmmmmd^ 
}f(onm\^^-<^t\ mn^tLo ^(15) \z.^\^x. 

2 a i3^»^ bV^^^Il ^ bT. d<^tgH^%x.5i:. d 
<3. 5mm^;iofco -^-X. H^f-T^-T 

50 [0 1 3 03 ±fB<^>1S^ojl^^?i^^3g«Jc*5v^T^i. ;^ 
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Hz (AT=3 3. 3ms) . IgS&^^Vl-;^*!^ t =2 0 
^ s . iPiSSBE V a = 4 0 0 V-C|gS()-r ^M^J^J^fe^B 
^f^J^KbfCo *^0. 5mmX0. 5 mm(^ti*£t^^ ^ 

fZo ^r-e. [113 4t;i^oV^-C. 30 10(1S«. 30 l 
llt^^^y^mm. 3 0 1 2J^^^ 30 1 

3 f^s^ 1 u nKommm. 3 o i 4 (^y- bm^-c. m 

%1 fxm(omiF'Mltilli)mf&^inX^^^o 3 0 1 5tt*P 
3 0 16 ^i:^t@ 10 0// m<?:>P3ttS^^— 

-e. j^^'t4S#:oJit^. ^^S0yl<^?1^>^:/>'vc^cm•r 

^i^ffifei^Mi UTC r ^{l:^»IK200[nm] 3 0 17 5: 

asurfc^o ^ft^ dii 2 0 0 Aim-c*> 

jfiV^cc^ ^OSggf) fi4 0 Mm-T?fe5o 

[0 13 1] mm.m^mm^<^±^f^mi^^. m 
m^^mmL.^ mmmi tmm(D:^mx^ at=i s e 

n^n. -250 V, 250/zs. 4 Oms-CfcofCo 

^^t-iii^?i^^^g^<^±tf. iPi^mffi4oo 

V. y-h«JBE8 0V. ^^|g^!)^^Vl-^^tI2 0 M s. :7 
Aj^iKI^S OH z (AT=33. 3 ms) xmWi^ 

fCo :ittti. ^ (8) (DAVsat^5-3 4 v^;fel9. ^ 
(15) tii^SttS. i^^^$d<0. 4 3mm-C$> 

S^^^bT^fe-So :iw-e. ^ (15) ^(02 a k\^X 

[oi3 2]^^(c. yu—j^mwMi^ ouzxmmx^fz. 
tco m^m^ti.x\:^±<mmt^^^<:>tio 

^ (8) OAVsat^5-56.4Vt;i!9. ^ (1 5) 
:JoV^r. 2 a j3 = 1 0 Ufct #<^^^— f-]^^ d< 
0. 3 4mm'efctt(^*^;!)>^f£tt5r ^:e^S?tV^tV^9 
^^4^mbTV^S;&5, j;t9^^L-V^^^^2a/3 = 2^ 
bfc^^O;^--^— d< 0. 1 5m^l^V^5^^*^i 

[0 13 31 ^^^®M@^itfetti^^-C 

jjcm^-TF^-^bxt^sffl-c^So Mri^mtvxi-x. 

nc. Mmir^-n<omM^n^u^^^mwim\^f^ox 
«^b^cm#*fems (FE^) ^m/ 
^mm/^mm (mimm) ;e»5^So 
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[0 1 3 43 ^^b. if-mnvt. h y 
n^m^m\^it.mmM^mm\^n\^x\,mmx^^. m 

^fii^x,o^i:unmm^m^^xmMBmmm^m\^m^ 
(Dm^^nomm.'m^mw\^i^^^x. ^^-;^:/i/-h 

[0 13 53 

mm^t$}m ^mmt.&.±MmL.f^h^^m^^^x 

[0 1 3 63 

*P^tt5^i^:^^< ^t.2oomffitc^bT«^etJ(-^^^ 

mmm^(o^'^Wi^mmir^^h\^^ox. fcsv^^i. 
20 So -ttt(cj:oT. m^ai;e>:^b(^i5cmsT'0©iai^5a^ 

[El 3 3 mi\^7^ \^it.mmM^mm.<on'^u<Dmu^^ 

30 gj-CfcSo 

[04 3 ^^m:<Dm^^mm'r^it}b<Dmx^^. 

[053 01 f-^b;rctij^?^^3^B(-*5ttsm^:JBJ;t5 

n.^Wimn^\:^^t^h^fz.mx'h^o 

[0 6 3 01^-^b)^clJ^?i^^^et:i*5ttS«-^Ottg!|; 

:^\^^^h^timxh^. 

[0 7 3 *:^0J^c#SM^?i^^3^Bt-^(tbnS;^-<- 
i^co8lf®0-efcSo 

40 [0 8 3 y^^—f-^^mmuuirmnxw^m^ti^m^^ 
^irwimmxh^o 

[0 9 3 ^mM\m^mm^mmm^mmmi'(om^^ 
[0103 :^^m\c^^mm^mmm^Mmm'f'(Dm^ 

0*5 J: t^»fffi0Xfe So 

[0113 >^^m\^^^^mm^mmm^nam^(Dmm 
[012 3 mny:i'—^>^mB^m<^~m^^irmx 

feSo 

50 [0131 a«fg'l4'ft:wmjEEJ^?^<0-«aj^;^-ri2lT-fc 
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